Myxoid and round cell liposarcomas constitute approximately one-third of all liposarcomas, a relatively common group of fat-derived soft tissue sarcomas. The histomorphology is a continuum between highly differentiated myxoid and poorly differentiated round cell components. The gold standard of diagnosis is dependent on histomorphology and/or identification of t(12;16)(q13;p11) translocation by cytogenetics or demonstration of DDIT3 rearrangements by fluorescence in situ hybridization. There are currently no diagnostic immunohistochemical stains available. The broad range of myxoid neoplasms in the differential diagnosis includes a variety of sarcomas. Given the notable differences in disease biology among myxoid neoplasms, which range from benign to aggressive, an accurate diagnosis is imperative for proper treatment and prognostication. Prompted by our recent study showing frequent expression of the cancer testis antigen NY-ESO-1 in myxoid and round cell liposarcomas, we sought to evaluate the utility of NY-ESO-1 as an immunohistochemical marker for myxoid and round cell liposarcoma among mesenchymal myxoid neoplasms within the differential diagnosis. Formalin-fixed, paraffin-embedded blocks were obtained for the following mesenchymal myxoid neoplasms (n ¼ 138): myxoid and round cell liposarcoma (n ¼ 38); well-differentiated liposarcoma (n ¼ 12); lipoma (n ¼ 20; 4 with myxoid change); extra-cardiac soft tissue myxoma (n ¼ 39); extraskeletal myxoid chondrosarcoma (n ¼ 12); myxofibrosarcoma (n ¼ 10: 5 low grade, 2 intermediate grade, 3 high grade); and low-grade fibromyxoid sarcoma (n ¼ 7). Utilizing standard immunohistochemistry protocols, full sections were stained with NY-ESO-1 (clone E978), and staining was assessed for intensity (1-2 þ ), percentage of tumor positivity, and location. In all, 36/38 (95%) of the myxoid and round cell liposarcomas demonstrated NY-ESO-1 immunoreactivity. The majority of the positive cases (34/36; 94%) showed strong, homogenous staining (450% tumor positivity), and two cases (6%) showed weak (1 þ intensity), patchy staining (20-30% tumor positivity). Immunoreactivity was predominantly cytoplasmic. All the other neoplasms evaluated were negative for NY-ESO-1. NY-ESO-1 appears to be a sensitive and a specific marker for myxoid and round cell liposarcoma among mesenchymal myxoid neoplasms. The assessment of NY-ESO-1 expression by immunohistochemistry in the appropriate setting provides a cheaper, faster, and more accessible confirmatory test. Modern Pathology (2013Pathology ( ) 26, 1204Pathology ( -1210 doi:10.1038/modpathol.2013 published online 19 April 2013 Keywords: differential diagnosis; immunohistochemistry; mesenchymal myxoid neoplasms; myxoid and round cell liposarcomas; NY-ESO-1
Myxoid and round cell liposarcomas constitute approximately one-third of all liposarcomas, a relatively common group of fat-derived soft tissue sarcomas. 1 The peak incidence of myxoid and round cell liposarcoma is in the fifth decade, and it preferentially involves the lower extremities. 2 The histomorphology is described as a continuum between a highly differentiated myxoid component and a poorly differentiated round cell component. lipoblasts in a background of myxoid matrix and a characteristic delicate capillary network. The round cell component is composed of hypercellular sheets of primitive round cells with a high nuclear/cytoplasmic ratio and the loss of myxoid background. Increased proportion of the round cell component (Z5%) is associated with adverse clinical outcomes. 3 Currently, the diagnosis of myxoid and round cell liposarcoma is mostly based on histomorphology, as well as the identification of the reciprocal translocation between the DDIT3 gene on chromosome 12 and the FUS gene on chromosome 16, t(12;16)(q13;p11) or, less commonly, a translocation between the DDIT3 and EWS genes, t(12;22)(q13;p11). 4 Myxoid and round cell liposarcoma, similar to the other liposarcoma subtypes, is treated by surgical excision with or without chemoradiation.
The broad category of myxoid neoplasms includes a variety of soft tissue tumors, many of which can show a spectrum of myxoid morphology and phenotypic mimicry with myxoid and round cell liposarcoma. Given the notable differences in disease biology among myxoid neoplasms, which range from benign to aggressive, an accurate diagnosis is imperative for proper treatment and prognostication. Relevant neoplasms within the differential diagnosis of myxoid and round cell liposarcomas include other mesenchymal neoplasms that show myxoid morphology, such as extra-cardiac soft tissue myxomas, myxofibrosarcomas, low-grade fibromyxoid sarcomas, extraskeletal myxoid chondrosarcomas, well-differentiated liposarcomas, and lipomas, particularly those with prominent myxoid alteration. Currently, there is no reliable sensitive and specific immunohistochemical marker that distinguishes myxoid and round cell liposarcoma from these other soft tissue myxoid neoplasms.
Cancer testis antigens are a unique family of antigens that have largely restricted expression to testicular germ cells in a normal adult in addition to aberrant expression in a variety of neoplasms. 5, 6 Cancer testis antigen expression has important therapeutic implications given their innate immunogenicity, which elicits spontaneous T-cell and/or humoral responses that target the cancer testis antigen-expressing tumor cells. 5 NY-ESO-1 is a highly immunogenic cancer testis antigen that is present in a variety of malignancies, including melanoma, sarcomas, and carcinomas. [7] [8] [9] [10] Prompted by recent studies showing frequent expression of the cancer testis antigen NY-ESO-1 in myxoid and round cell liposarcoma, we sought to evaluate the utility of NY-ESO-1 as an immunohistochemical marker for this tumor type among mesenchymal myxoid neoplasms within the differential diagnosis, including extra-cardiac soft tissue myxomas, myxofibrosarcomas, low-grade fibromyxoid sarcomas, well-differentiated liposarcomas, lipomas, and extraskeletal myxoid chondrosarcoma. 11, 12 
Materials and methods

Case Material
A variety of myxoid neoplasms from 1992 to 2012 were retrospectively identified from the surgical pathology archives at the Wexner Medical Center at The Ohio State University. The cases were rereviewed by a bone and soft tissue pathologist (OHI), and the diagnoses were confirmed by histomorphology per established morphological criteria 2 as well as immunohistochemistry and molecular studies where appropriate. Of the 38 cases of myxoid and round cell liposarcoma used in the study, 13 cases had been confirmed by positive DDIT3 gene rearrangement determined by fluorescence in situ hybridization and/or karyotype analysis demonstrating a t(12;16)(q13;p11) translocation. A representative formalin-fixed, paraffinembedded block was obtained for each tumor (total n ¼ 138) and submitted for NY-ESO-1 immunohistochemical staining. The tumor types included are myxoid and round cell liposarcoma (n ¼ 38); extra-cardiac myxoma (n ¼ 39); lipoma (n ¼ 20; 4 with focal myxoid change); extraskeletal myxoid chondrosarcoma (n ¼ 12); well-differentiated liposarcoma (n ¼ 12); myxofibrosarcoma (n ¼ 10: 5 low grade, 2 intermediate grade, 3 high grade); and low-grade fibromyxoid sarcoma (n ¼ 7). Of note, 18 cases of myxoid and round cell liposarcoma and 10 cases of well-differentiated liposarcoma were included from a previous study reporting NY-ESO-1 immunoreactivity. 12 Immunohistochemistry NY-ESO-1, clone E978 (Santa Cruz Biotechnology; Santa Cruz, CA, USA), was titered on normal testis, and testis was used as control tissue. Paraffinembedded tissue was cut at 4 microns, placed in a 60 1C oven for 1 h, cooled, and then deparaffinized and rehydrated through xylenes and graded ethanol solutions to water. All slides were quenched for 5 min in a 3% hydrogen peroxide solution in water to block for endogenous peroxidase. Antigen retrieval was performed by heat-induced epitope retrieval, in which the slides were placed in a 1 Â solution of Target Retrieval Solution (Dako, Carpinteria, CA, USA) for 25 min at 96 1C using a vegetable steamer and cooled for 15 min in solution. Slides were then placed on a Dako Autostainer Immunostaining System. The primary antibody NY-ESO-1 was diluted with a Dako antibody diluent at 1:100 and incubated for 60 min. Slides were then blocked for endogenous biotin using the Dako Biotin Blocking System. The secondary antibody, a 1:200 dilution of biotinylated goat anti-mouse (Vector, Burlingame, CA, USA) prepared with Vector 2% Normal Goat Serum in Dako antibody diluent, was incubated for 30 min at room temperature. The detection system used was NY-ESO-1 immunohistochemistry, myxoid neoplasms Vectastain Elite (Vector) for 30 min. Staining was visualized with the DAB þ chromogen (Dako; 5-min development). Slides were then counterstained in Richard Allen hematoxylin and dehydrated through graded ethanol solutions.
Quantitation of Immunohistochemistry
NY-ESO-1 immunopositivity was scored semiquantitatively for the percentage of tumor cells staining, intensity (0, negative; 1 þ , weak to moderate; 2 þ , strong), and subcellular location (cytoplasmic and/ or nuclear).
Results
The results of NY-ESO-1 immunohistochemical staining are summarized in Tables 1 and 2 . Consistent immunoreactivity was noted in myxoid and round cell liposarcomas (36/38; 95% of total cases). The vast majority of the positive cases (34/36; 94% of positive cases) showed strong, homogenous staining, defined by 450% tumor positivity. More so, 86% (31/36) of positive cases demonstrated Z75% tumor positivity. Two cases (6% of positive cases) showed weak, patchy immunoreactivity characterized as 1 þ staining intensity of 20% and 30% of the tumor cells. Two cases (5% of total cases) were negative for NY-ESO-1, and the diagnosis was confirmed in both the cases by the detection of DDIT3 gene rearrangements by fluorescence in situ 
Discussion
NY-ESO-1, encoded by the CTAG1B gene on Xq28, is a highly immunogenic cancer testis antigen. 8, 13 NY-ESO-1 expression in normal tissue is restricted to testicular germ cells with immunoreactivity predominantly localized to the cytoplasm with occasional nuclear staining. 10 In general, cancer testis antigens are thought to be involved in germ cell self-renewal or differentiation, conferring qualities such as immortality, self renewal, migratory ability, and capacity for neoplastic transformation upon expression. 8, 14, 15 Recent reports have shown that NY-ESO-1 expression in hepatocellular carcinoma is associated with disease recurrence following surgical resection, possibly mediated by enhanced migratory ability conferred by NY-ESO-1. 16 Furthermore, the same study and others have implicated NY-ESO-1 as a possible prognostic marker in certain tumor types. 8, 16, 17 Importantly, the expression of cancer testis antigens by tumors enables the use of targeted immunotherapy, which has shown promise in clinical studies. [18] [19] [20] [21] Variable NY-ESO-1 expression has been described in many malignancies, including melanoma, neuroblastoma, sarcomas, and a variety of carcinomas, such as esophageal, breast, prostate, lung, endometrial, ovarian, uterine, and bladder. 8, 9, 22 Regarding mesenchymal neoplasms, previous studies have described NY-ESO-1 expression in liposarcomas, synovial sarcomas, gastrointestinal stromal tumors, uterine leiomyosarcomas, angiosarcomas, and malignant fibrous histiocytomas. 6, 23, 24 Recently, a comprehensive study of NY-ESO-1 expression in mesenchymal tumors showed consistent, homogenous staining in synovial sarcomas (82%) and only infrequent (o10%) immunoreactivity in malignant peripheral nerve sheath tumors, dermatofibrosarcoma protuberans, angiosarcomas, gastrointestinal stromal tumors, chondrosarcoma, dedifferentiated liposarcoma, and undifferentiated sarcomas. 25 They reported no immunoreactivity in leiomyosarcomas, solitary fibrous tumors, cellular schwannomas, Ewing sarcomas, malignant mesotheliomas, osteosarcomas, an alveolar soft part sarcoma, a highgrade spindle cell sarcoma, or a rhabdomyosarcoma. In our previous study, we reported that 7/8 (88%) and 16/18 (89%) myxoid and round cell liposarcomas expressed CTAG1B and NY-ESO-1 by quantitative real-time PCR and immunohistochemistry, respectively. 12 We also noted variable positive staining in a subset of pleomorphic liposarcomas (3/6) and an instance of strong, diffuse staining in dedifferentiated liposarcoma (1/10). Pollack et al. 11 also reported NY-ESO-1 expression in 25/25 (100%) myxoid and round cell liposarcomas evaluated by immunohistochemistry and quantitative real-time PCR. Both reports describe NY-ESO-1 expression as predominantly homogenous, which is notable given that cancer testis antigens usually demonstrate a heterogeneous staining pattern within a particular tumor. 5, 11, 12, 26 In addition to possibly enabling an enhanced response to cancer testis antigen-directed immunotherapy, diffuse staining by NY-ESO-1 increases its appeal as an immunohistochemical marker of myxoid and round cell liposarcoma.
In our current study, we expanded our cohort of myxoid and round cell liposarcomas and report NY-ESO-1 positivity in 36 of 38 (95%) cases, characterized as strong and homogenous in 94% of the positive tumors. There was no staining in extra-cardiac soft tissue myxomas, lipomas, welldifferentiated liposarcomas, extraskeletal myxoid chondrosarcomas, myxofibrosarcomas, or low-grade fibromyxoid sarcomas. To the best of our knowledge, this is the first evaluation of differential NY-ESO-1 expression in mesenchymal myxoid neoplasms vis-à-vis myxoid and round cell liposarcomas. Our findings support the use of NY-ESO-1 as a diagnostic marker within the differential diagnosis of mesenchymal myxoid neoplasms. Currently, the diagnosis of myxoid and round cell liposarcoma is dependent on classic histomorphology and, in select cases, confirmatory molecular and/or cytogenetic studies evaluating for DDIT3 gene rearrangements and t(12;16)(q13;p11), respectively. On occasion, problematic cases may arise due to a limited biopsy in which the diagnostic features are not apparent or when exclusion of other neoplasms in the differential diagnosis is difficult. The assessment of NY-ESO-1 expression by immunohistochemistry provides a less expensive, more expedient, and more accessible confirmatory test, of particular utility in low-resource settings.
In conclusion, we have further validated the high frequency of strong, homogenous NY-ESO-1 expression in myxoid and round cell liposarcomas in addition to demonstrating the diagnostic utility of NY-ESO-1 immunohistochemistry among mesenchymal myxoid tumors within the differential diagnosis. 
